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NOTES 603
CATHARINE Cox MILES
and has no fever, than your sand runs through its tubes? And are your
sundials of any use to you if it doesn't suit the sun to shine? (He counts:
One-Iwo-)
MOSES: (Comes back) Away, away, the guests are coming.
Note: Hebbel's invention (?) of the idea of the human-pulse clock was
first noted in Hebbel's diary, July 12, 184-8. "A man as clock, counting off
the time by pulse-beats: 60 a minute-pp pp pp." Diary, Vol. III, No. 4-224-
Later, in the summer of 1852 when he visited Northern Italy, he saw a similar
figure in actuality, Diary, Vol. III, No. 51#, i, e., a man confined to a bell
tower ringing out the hours.
Stanford University
California
THE THEORY OF REVERSIBILITY OF THE SENSORY-MOTOR
PATH AND ITS APPLICATION1
I. INTRODUCTION
By sensory-motor path, we mean that when one of our sensory organs is
stimulated by something foreign, it arouses the action of the sensory nerve
attached to it, thence the neural current starts, runs to .a nerve center, from
the nerve center to one or more motor nerves, and causes certain muscles or
glands to respond. So far as the neural action is concerned, the current
starts from the sensory nerve, runs through the nerve center, and ends at
the motor nerve. It has been generally recognized that the neural current
can run only from the sensory nerve to the nerve center and then from the
nerve center to the motor nerve, but not from the nerve center to the sen-
sory nerve, nor from the motor nerve to the nerve center.
Our contention is that while it is usual for the neural current to run along
the "normal" direction as mentioned above, it is not impossible for it to run
along the "reverse" direction, i. e., it may run from the nerve center to the
sensory nerve or even from the motor nerve to the nerve center. This,
we admit, is purely a hypothesis, but such a view can be. supported by cer-
tain neurological facts and is helpful in explaining some psychological phe-
nomena, which may not be satisfactorily explained if the neural current
runs only along the normal direction.
II. NEUROLOGICAL FOUNDATION
Is the neural current reversible? The writer has not had facilities for
experimentation to answer the question. However, certain authoritative
statements may be quoted here. According to Professor Stewart, "When
a nerve is stimulated artificially, the excitation runs along it in both direc-
tions from the point of stimulation; so that nerve-fibres which in the intact
body are afferent can conduct impulses towards the periphery, and efferent
fibres can conduct impulses away from the periphery. --- We have seen
that vaso-dilator impulses possibly pass out to the limbs over fibres which,
morphologically speaking, are afferent fibres. And we shall see that a nu-
tritive influence is exerted over the afferent fibres of the spinal nerves' by
the ganglion cells of the posterior root ganglia, an influence which must
"Thls article in substance was originally written in Chinese and published
in the Tsinfl Hua Journal, 1926, 3, (no. 1).
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604 THE JOURNAL OF GENERAL PSYCHOLOGY
spread along these fibres in the opposite direction to that of the normal
excitation:"
Professor Starling of London also says: "The existence of (this) electric
change enables us to show that a nerve impulse, excited at any point in the
course of a nerve-fibre, travels in both directions along the fibre. The
power of nerves to transmit impulses in either direction is shown further
by the experiment known as Kuhne's gracilis experiment," etc.' Professor
Ranson in The Anatomy of the Nervous System, when discussing the law of
dynamic polarity, says, "The polarity is, however, not dependent upon any-
thing within the neurone itself, but upon something in the nature of the
synaptic interval which permits the impulses to travel across it in one
direction only. There are lines of evidence which indicate that when once
activated a nerve-fibre conducts equally well in either direction. When a
motor fibre bifurcates, sending a branch to each of two separate muscles,
stimulation of one branch will cause an impulse to ascend to the point of
bifurcation, and then descend along the other branch to its motor ending.
This can often be demonstrated in regenerated nerves [Feiss, 1912). The
phenomena of antidromic conduction and the axon reflex (Bayliss, 1915) are
also explained by the assumption that impulses are able to travel along a
nerve-fibre in either dlrection.:'"
From the above statement, we may say that the direction of the neural
current is chiefly determined by the synapse, the exact nature of which has
not been known. But two facts about the synaptic nature may be noted
with interest. The first fact with which students of psychology are familiar
is that during infancy many of the nerves are not fully grown and
synapses are quite far apart. It is through the process of learning that cer-
tain bonds are formed, i. e., certain synaptic relationships are produced.
Secondly, among invertebrata, neural conduction is possible in all directions."
From these and other facts quoted above, we may venture to conclude that
(1) originally the neural current can run along any direction; (2) the reason
why it runs usually in one direction is due to the nature of the synapse; and
(3) because our early experiences are built up by stimuli acting upon sen-
sory nerves and thus causing the neural current to run in the sensory-motor
direction, its running in the reverse direction under the normal condition is
impossible perhaps through disuse. In other words, the so-called normal
condition may simply be a habitual condition. And even among normal psy-
chological phenomena, some may better be explained by the running of the
neural current in the reverse direction.
III. ApPLICATION OF THE THEORY FOR EXPLAINING CERTAIN
COMMON PHENOMENA
Take imagination for instance. It is such a common phenomenon, yet
there is no satisfactory neural explanation. Pillsbury classifies it among
"centrally aroused sensations...• If sensation is produced by stimulation of
something foreign upon the sense organ, how can it be centrally aroused?
We know that there are two kinds of imagination: reproductive and erea-
'Stewart, G. N. Manual of physiology. (8th ed.) New York: Wood,
1918. See p. 792ff.
'Starling, E. H. Principles of human physiology. (2nd ed.) Philadel-
phia: Lea and Febiger, 1915. See p. 25411.
"Ranson, S. W. The anatomy of the nervous system. Philadelphia: Saun-
ders, 1921. See p. SO.
·See Sta rling, p. 311.
"Pillsbury, W. B. Fundamentals of psychology. New York: Macmillan,
1920. See Chap. VI.
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NOTES 605
tive. The reproductive imagination is a process by which certain previous
experiences may be recalled. That such a process is possible, it seems to
us, is because of the fact that the neural current can run from the nerve
center back to the sensory nerve. A sensory experience is made of a num-
ber of stimuli which act upon a number of sensory nerves. By the process
of summation, they are put together and form a complete picture. When
it is to be recalled, the neural current starts from the nerve center and runs
into these different sensory nerves and thus the picture is reproduced.
The phenomenon of creative imagination, neurologically speaking, is not
different from that of reproductive imagination, for both are due to the
process that the neural current runs from the center to a number of sensory
nerves, but psychologically the former process is done when a new com-
bination of different sensory elements is put together.
Similarly, we can explain the phenomenon of association. Association is
a process which starts by a stimulus actually present. This stimulus arouses
the action of a certain sensory nerve, and the current goes along the nerve
to the center, which in turn arouses the action of another sensory nerve, and
a new sensory experience is associated with the old. The so-called day-
dreaming or free association is produced by letting the neural current run
into as many sensory nerves as it likes, while controlled association is
directed by a "motive."
To advance further on the hierarchy of mental processes, we may attack
the difficult problem of explaining the thinking process. Explanation of this
highly organized process on a neurological basis has not been attempted, so
far as the writer is aware. Watson in his Psychology from the Standpoint
of a Behaviorist calls thinking "implicit habit response," but when he dis-
cusses implicit behavior, he admits that "the position we have taken on
implicit processes is largely an assumption." We believe that the thinking
process is only one step higher than the controlled association in the mental
hierarchy and it may also be explained by the view that the neural current
starts from the center and rUlls to a number of sensory as well as motor
nerves which are organized together as a party for answering a definite
purpose.
IV. ApPLICATIO" OF THIl THIlORY FOR EXPLAINING CIlRTAIN
ABNOilMAL PHIlNOMIlNA
Among the abnormal phenomena, we may mention first that of synaes-
thesia. Woodworth, when discussing it, says that "the best guess is that
the extra sensations are images that have become firmly attached to their
substitute stimuli during early chlldhcod.!" How is it that these images
can be firmly attached to their subssitute stimuli? Our explanation is that
it is possible because the neural current runs first from one sensory nerve to
the center, and then from the center to another sensory nerve. And these
bonds are formed in the same manner as ordinary S-R bonds.
Hallucination belongs to the same class. An "illogical" image is attached
to a stimulus or no stimulus at all. Illusion is produced in the same way:
stimuli are interpreted by attaching to them the habitual images. So are
words which have meanings of our own, and beliefs or substitutions which
once established are hard to be changed.
The hypnotized person believes whatever is instructed by the one who
hypnotizes him. This, we may explain, is due to the fact that the whole
'Watson, J. B. Psychology from the standpoint of a behaviorist. Phila-
delphia: Lippincott, 1919. See pp. 14 and 322ff.
"Woodworth, R. S. Psychology: a study of mental life. New York: Holt,
1923. See p. 376.
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606 THE JOURNAL OF GENERAL PSYCHOLOGY
mind is under the control of the hypnotizer and consequently the direc-
tion of the neural current of the hypnotized is controlled by him.
The interesting phenomenon of dreaming may also be explained by our
theory. We may classify dreams into three kinds: those with certain stimuli
present, those without stimuli but similar to free association, and those due
to organic conditions. A fly interpreted as a tiger belongs to the first class,
and can be explained similarly as the illusion. The second kind is most
common and it is nothing but letting the neural current run "wild." The
third kind may by typified by the so-called "wet" dream. Certain muscles
and glands are aroused into action either by outside contact or merely due
to organic conditions. Because of reversibility of the neural current, such
action in turn stirs up the nerve center and often certain sensory images
are produced.
V. THE JAMES-LANGE THEORY OF EMcrrION
The celebrated James-Lange theory of emotion offers another example
which supports our view. According to James, when we are under an
emotional state different parts of our body undergo certain changes, "the
bodily changes follow directly the perception of the exciting fact, and that
our feeling of the same changes as they occur is the emotion. Common-
sense says, we lose our fortune, are sorry and weep ;--- the more rational
statement is that we feel sorry because we cry, angry because we strike,
afraid because we tremble, and not that we cry, strike, or tremble, because
we are sorry, angry, or fearful, as the case may be."·
While we have no way to prove the above statement, neither can we
disprove it. If it is true, the only neurological explanation is that the
neural current can run in the reverse direction. Crying is due to the action
of certain glands by means of which the neural current starts to run towards
the center and even to the sensory nerves, thereby creating certain sensa-
tions. Striking is a kind of muscular movement which causes influx of
neural current to the center, and anger is produced.
Some of our emotions may be stirred up by outside stimuli, while others
are merely due to organic changes. Emotions in connection with sex, for
instance, may be due to both or either. That accounts for high tension of
sex emotion during puberty. Similarly, during the period of growth, we
are far more emotional than during other periods. And fat people are
usually jolly" while thin and sickly ones are often gloomy. Emotional
states of a pregnant woman can be stirred up more easily. These facts may
give us the hint that organic changes at least facilitate emotional feelings
if not cause them to be stirred up.
VI. CONCLUSION
We have been bold in offering the suggestion that reversibility of the
neural current is the basis for explaining a number of psychological phenome-
na. It is our hope that by this means our science may be put more firmly
on a neurological foundation. Whether our view is right or not is a ques-
tion to be investigated, but we believe that it is through such study and other
studies in neurology for the interest of psychology that the latter may become
more a science. Through such study, we may also better understand the
so-called abnormal phenomena and eliminate unnecessary speculations which
·James, W. Principles of psychology. New York: Holt, 1890. See Vol. II,
pp. 449ff.
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NOTES 607
are so prevailing today. Perhaps the gap between behaviorism and other
"isms" may be bridged when the neurological foundation of our science is
well established!'
CHAI HSUAN CHUANG
University of Am01
Am01, China
"The writer will be glad to receive criticism on this article and to wel-
come further investigation on this subject. As he has little access to current
literature, direct communication to the University of Amoy, Amoy, China,
will be greatly appreciated.
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